Controlled trials demonstrated efficacy and safety of non-invasive ventilation (NIV) in treatment of acute respiratory failure, initially in Intensive Care Units, then in other care settings (semi-intensive care units, emergency departments, and also in the wards, more often pneumological ones). Few studies have been published about NIV in Italian wards of Internal Medicine with full self-management of NIV by internists in a normal ward setting. We performed a prospective real-life study about the use of NIV in Internal Medicine ward devoid of a critical area of semi-intensive therapy, with the aim of confirming, in this setting, the effectiveness of NIV. During a period of 13 months, 42 patients with hypercapnic respiratory failure of different etiology and acidosis (pH<7.35) were treated by NIV. NIV was successful in 81% of patients. In-hospital mortality was 9.5%. Safety of NIV is demonstrated by the absence of serious complications: only 7 patients showed poor compliance and 2 patients had facial pressure ulcer due to the mask. There were not statistical differences in success rate of NIV according to severity of acidosis at admission (pH<7.25 vs pH>7.25), neither according to the acute physiology and chronic health evaluation II score and the national early warning score, but the modified early warning score only showed statistically significant difference with lower values in the success group: 2.82±1.57 vs 4.13±1.46 (P<0.05). NIV has proven to be effective and safe in Internal Medicine ward. 
Introduction
The treatment of hypercapnic acute respiratory failure (ARF) with acidosis generally requires the use of mechanical ventilation. Traditionally, the management of this condition was prerogative of Intensive Care Unit (ICUs) by use of invasive mechanical ventilation (IMV), after endotracheal intubation (ETI) or tracheostomy.
This technique is very effective; however, endotracheal tube is proved to be important contributor to the pathogenesis and development of complications, especially ventilator-acquired pneumonias that are known to be one of the leading causes of morbidity and mortality in ICUs. This is due to an artificial airways interference with a number of respiratory tract defense mechanisms that causes bacterial colonization of the tracheobronchial tree.
In recent decades, it has been developed a new mode of mechanical ventilation that does not require invasive introduction of a tube into the airways, but the use of an external interface, a mask or a helmet: for this reason, it has been called non-invasive ventilation (NIV). The main advantage of NIV is a reduced incidence of complications compared to invasive ventilation, thanks to the absence of a ventilatory prosthesis within the patient's airways.
Several randomized controlled trials have demonstrated efficacy and safety of NIV, with a more solid evidence for patients with ARF due to an exacerbation of chronic obstructive pulmonary disease (COPD), [1] [2] [3] [4] while for other ARF etiologies most of the studies are small and many did not include power calculations. 5 Many reviews debated and confirmed the use of this technique. [6] [7] [8] [9] [10] [11] Management and monitoring of NIV have been well codified in several guidelines.
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Use and performance of non-invasive ventilation in Internal Medicine ward: a real-life study N o n -c o m m e r c i a l u s e o n l y Initially introduced and tested within ICUs, later NIV was also used outside ICUs, in less complex care settings, semi-ICUs, emergency departments, and also in the wards, more often pneumological ones.
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Materials and Methods
We performed a prospective real-life study about the use of NIV in Internal Medicine ward, equipped with medical and nursing staff having specific technical skills, but devoid of a critical area of semi-intensive therapy, with the aim of confirming, in this setting, positive results of NIV previously shown in several randomized controlled trials. It is well known that there is often a significant difference between the results of controlled clinical trials, carried out on wellselected populations, and those in real life, that apply to varied and diverse patients.
The study was performed in the Internal Medicine ward of the Hospital G. Tatarella in Cerignola (FG, Italy). The medical staff (9 units) ensures the active guard H24.
The physicians and nurses followed two theoretical and practical training courses on NIV. Further the nurses were subjected to on-the-job training, under the direction of experienced physicians.
The department has officially adopted a protocol of utilization of NIV, compiled according to the method of the proactive root cause analysis. 19 The ward has 24 beds for acute cases and is equipped with a blood gas analyzer. The median nurse/patient ratio is 1:8.
Within our own hospital there is an ICU, where to transfer patients with failure of NIV, except those for which NIV is a ceiling treatment (do-not-intubate patients).
The study period extended from March 1, 2013 to March 31, 2014.
We selected all patients with hypercapnic respiratory failure of different etiology, who had pH<7.35 with pCO 2 >45 mmHg and clinical signs of respiratory effort.
There were no exclusion criteria, except when it was impossible to apply NIV for absolute contraindications (apnea or severe bradypnea, engorgement of the airways for excessive secretions with ineffective cough, vomiting, facial malformations or trauma, pneumothorax or pneumomediastinum, severe hemodynamic instability) or for patient's early intolerance.
Comorbidity was measured by the age-adjusted Charlson comorbidity index (ACCI).
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The patients' clinical severity was measured by different prognostic scores: i) the acute physiology and chronic health evaluation II (APACHE II) score; 22 ii) the modified early warning score (MEWS); 23 iii) the national early warning score (NEWS). 24 APACHE II score, although applicable to medical patients, is traditionally more suitable for the evaluation of patients admitted to the ICU.
MEWS and NEWS are two systems of early warning score (EWS), selected from the 33 EWS in the literature, 25 most suitable to early evaluate, outside ICUs, already in Emergency Departments, the clinical severity and the subsequent risk of death and length of hospital stay: i) MEWS, as validated by Subbe et al.; 23 ii) NEWS, as well as standardized in the most recent report (2012) of the British Royal College of Physicians, also adopted in Italy in the National System for the Guidelines of the National Health Institute -Tuscany region section. 24 NEWS differs from MEWS especially because it assesses oxygen saturation, valuing the burden of the hypoxia and consequent need for oxygen therapy.
All patients were treated with standard drug-therapy of the disease (or diseases) cause of ARF. In particular, for patients with COPD, we have followed the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines and the diagnostic-therapeutic protocol of the Federation of Associations of Hospital Doctors on Internal Medicine (FADOI) -Puglia 26 (systemic corticosteroids, antibiotics, inhaled short-acting bronchodilators and, as second choice in case of failure to improve with these medications, intravenous aminophylline).
NIV was implemented with oronasal mask (FlexiFit TM ; Fisher & Paykel, Auckland, New Zealand) and Elisée TM 150 ventilator (ResMed Corp., San Diego, CA, USA) in pressure support ventilation + positive end-expiratory pressure (PEEP), starting with pressure support (PS) set at 14 cmH 2 O and PEEP at 4-5 cmH 2 O. PS could be increased in steps of 2 cm H 2 O (max 22) with the goal of a target tidal volume expired of 6 mL/kg of weight. Even PEEP could be increased up to max 6-8 cmH 2 O to improve oxygenation or in the case of concomitant heart failure.
Oxygen supply was initiated with a FiO 2 of 24-28% and titrated to achieve a target of SatO 2 of 88-92%, according to the British Thoracic Society guidelines. 27 In the first day, NIV was continued uninterruptedly for as many hours as possible according to patient's tolerance; in the following days it was carried out with cycles of 2-3 h in the morning, 2-3 h in the afternoon and throughout the night, proceeding to a progressive lengthening of the period of interruption and contextual step-down of the pressure values of 2 cmH 2 O, according to arterial blood gas (ABG) analysis.
In the first 15-20 min of NIV, patients are kept under medical and/or nursing observation with control of SpO 2 by fingertip pulse oximeter; then, in the first hours, they are checked every 15-30 min depending on their adaptation to ventilation. The subsequent checks take place, as usual, on the basis of patients' clinical conditions. ABG were performed before starting NIV, after 1-2 h, and then at least every 24 h. Any further ABG were performed according to clinical needs of individual patient. SpO 2 , electrocardiogram, heart rate, respiratory rate (RR), blood pressure were monitored.
Patients with ARF due to pneumonia, especially if younger and with pH <7.25, have been subjected to more stringent controls and evaluated together with the intensivist at the first signs of lack of improvement or worsening for eventual transfer to the ICU.
NIV was considered of success if, within the first two hours, were obtained: i) increase of pH; ii) reduction of pCO 2 , RR, dyspnea and respiratory effort; iii) sensory improvement.
Criteria of failure of NIV were, within the first 2 h: i) pH not improved or worsened; increase in pCO 2 ; ii) SaO 2 <88% and pO 2 <60 mmHg; iii) P/F <180; iv) RR >30/m.
Results
In 13 months, a total of 140 patients with ARF (diagnosis-related group classification: class no. 087) were admitted to our department.
Of these, 88 had hypoxemic ARF (60 treated by oxygen using Venturi mask, 28 treated by continuous positive airway pressure) and 52 had hypercapnic ARF (including 10 without respiratory acidosis and 42 with respiratory acidosis) (Figure 1 ).
These latter have been subject of the present study. It is a population of 42 patients (20 males, 22 females), who presented hypercapnic ARF with acidosis (pCO 2 >45 mmHg and pH<7.35) and associated clinical signs of respiratory effort. Table 1 summarizes characteristics of age, co-morbidity, clinical severity and etiology of ARF of the patients evaluated in our study. We emphasize the wide variety of etiologies of ARF.
There were no differences between genders, except for age, higher in women (81±13 years) than males (76±14 years).
All selected patients were treated by NIV. The results of treatment are summarized in Table 2 .
NIV was successful in 34 of 42 patients (81%), with resolution of ARF and discharge home.
For 1 patient (2.38%) it was necessary the ETI and transfer to the intensive care unit for invasive mechanical ventilation: after 11 days of IMV and 17 days of hospitalization in intensive care, this patient was retransferred in our department for additional treatment with NIV, then stabilized and discharged home.
One patient, although not yet stabilized during NIV, on request of his family was transferred to another hospital closer to the town of their residence. For 2 patients (in critical conditions), discharge against medical advice has been requested, resulting in discontinuation of NIV.
In 4 patients (9.5%) occurred the death (etiologies of respiratory failure were respectively: in 2 cases heart failure, in 1 case COPD and in 1 case pneumonia).
The specific causes of death were: i) for 2 patients, acute renal failure (in one case associated with gastrointestinal bleeding); ii) for 1 patient, multi-organ failure; iii) for 1 patient, intestinal infarction (this patient had initially responded favorably to NIV, so as to be considered programmable for an upcoming discharge [ home; however, the onset of intestinal infarction caused the reappearance of respiratory failure, which has no longer responded to any treatment).
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In patients who responded favorably to NIV, arterial blood gas parameters are shown in Table 3 .
ABG performed within the first 2 h of NIV already shows favorable response to treatment, with improvement of respiratory acidosis. In the majority of patients (27 of 34, i.e., 79% of the total), respiratory acidosis was fully corrected within 24 h from the start of the NIV, while in 7 patients (21%) more time has been needed. All pH variations between admission, 2 h and 24 h were statistically significant at the Student's t test (Figure 2) .
We proceeded to a comparative assessment of patients according to severity of respiratory acidosis at admission: group A (pH<7.25) and group B (pH>7.25), numerically quite similar (respectively, 22 vs 20 patients). As shown in Table 4 , by reading of the raw data, group A seemed to present a lower success rate of NIV (72.73%) compared to the best results in group B (90% success). However, this difference is not statistically significant (chi-square test) (P=0.16).
The comparison of prognostic scores of clinical severity between patients with successful vs failure of NIV is shown in Table 5 .
There were no serious complications of NIV: 7 patients showed poor compliance; 2 patients had facial pressure ulcer due to the mask.
Discussion
In recent years, several surveys have been carried out to evaluate use of NIV in different health care settings; these surveys have shown a gradual evolution from a substantial under-utilization of NIV [28] [29] [30] [31] to its gradual spread in different geographical areas, although with high heterogeneity between different hospitals and different specialists (intensive care physicians, emergency physicians, pulmonologists, internal medicine physicians). [32] [33] [34] [35] Few studies 36, 37 have been published on use of NIV Yet it is precisely the Internal Medicine wards that, due to their greater spread in all hospitals, can provide an easier and more widespread accessibility to a broader population, as well as its application in early phase of evolution of ARF with mild or mild to moderate respiratory acidosis, with greater chance of success.
The aim of our study is not to demonstrate, with rigorous scientific methodology, the efficacy of NIV, because of its several methodological limitations: few and poorly selected patients, lack of control group, absence of follow-up in the long term, different and often multiple etiologies of ARF, among which it is not always easy to distinguish the prevalent etiology.
But it is precisely these defects may be the added value of our study in the demonstration of effectiveness of NIV, i.e., to confirm that NIV, whose efficacy has already been sufficiently demonstrated in several randomized controlled trials, can be used with success in the real world of our Internal Medicine wards, generally devoid of a typical organization of semi-intensive unit, in patients poorly selected and with many comorbidities.
In this objective, our data should be added and compared to those of the few other studies carried out in Italy in similar conditions. 36, 37 Compared to the pilot study of La Regina and colleagues, 37 with which we share the variety of etiologies of ARF, in patients with hypercapnic ARF our data indicate a slightly higher success rate (80.9% vs 68.8%), more similar to that reported by Fiorino and colleagues 36 (85%) and also in the English study of Balami 38 (79%). These last two studies, however, are derived from a population of ARF with unique etiology due to COPD and, in the study of Balami, in the presence of HDU.
Particularly low is our in-hospital mortality (9.52%), lower than the one reported by La Regina and colleagues 37 (27.6%); this difference is maintained also if you add to the 4 patients who died also the 2 patients discharged against medical advice (14.28%).
The lower age of our patients compared to those of the study of La Regina (79 vs 87.7 years) could account this difference, while there are not significant differences between ABG at admission.
Mean age of patients (78 years) and in-hospital mortality (14.81%) reported by Fiorino 36 are similar to ours. One of the main objections against NIV is that it may delay intubation, leading to a worse outcome. Therefore, of particular interest is the ability to predict patients likely to fail with NIV.
These patients would be spared the discomfort of NIV and intubation would not be delayed.
Alternatively, high probability of failure of NIV could be used to decide where a trial of NIV should take place, i.e., in the ICU, whereas the patient who is likely to be successfully treated with NIV can be managed in the ward. Unfortunately, analysis of studies led to inconclusive results. 39, 40 In this context, we made a comparison of some parameters between the groups, respectively, with success or failure of NIV. Since acidosis is one of main indicators of severity of ARF, whose greater worsening may indicate higher probability of failure of NIV, 41, 42 we looked for a possible difference in success rate of NIV in our patients according to severity of acidosis at admission (pH<7.25 vs pH>7.25). The difference, although present (72.73% in group with pH<7.25 vs 90% in group with pH>7.25) was not statistically significant. In this, our data coincide with those reported in the three other studies conducted in the Departments of Internal Medicine. [36] [37] [38] Also if you set the cut-off at pH of 7.20 (instead of 7.25), likewise it does not make any statistically significant difference.
The examination of prognostic scores at admission (APACHE II, MEWS, NEWS) may be of some interest. The comparison between the group with success and that with the failure of NIV indicates that the difference of MEWS score is statistically significant between the two groups, with lower values in the success group: 2.82±1.57 vs 4.13±1.46 (P<0.05). Instead, the APACHE II score and NEWS score do not show statistically significant differences.
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Conclusions
Our real life study confirm that NIV is effective and safe for the treatment of hypercapnic ARF also in Internal Medicine wards devoid of Critical Area or HDU.
The introduction of NIV in these wards, as well as immediately improving the management of patients with ARF, may also create conditions for possible future changes in the organization and structure of the department, that make the creation of Critical Area of Internal Medicine (semi-ICU) possible, with further improvement of level of care.
In wards where NIV is regularly used, it is necessary to adopt a specific protocol in regards to indications, contraindications, method of delivery, monitoring and weaning. It is also desirable that there is an internal quality control, with identification both of one or more indicators both of a standard of care, with recording of patients' data and outcomes of NIV.
Do not forget, finally, that you have to be aware of your own limitations and you have to know with clarity when you must call intensive care physicians.
